SUMMARY Seven patients with a rare syndrome of diabetes insipidus (DI), diabetes mellitus (DM), optic atrophy (OA), neurosensory deafness (D), atony of the urinary tract, and other abnormalities (Wolfram or DIDMOAD syndrome) are reported. Of the seven patients, three siblings were followed up for 10-17 years.
DIDMOAD syndrome, also known as Wolfram syndrome, is an acronym for diabetes insipidus, diabetes mellitus, optic atrophy, and sensorineural deafness. Hydronephrosis, hydroureters, and dilatation of the urinary bladder are less commonly associated findings. Other rare manifestations include cerebellar dysfunction, oesophageal dysphagia, delayed puberty, aminoaciduria, anosmia, deposits of pigments in the retina, electrophotographic changes, colour blindness, episodic vertigo, and dysautonomia with labile regulation of body temperature. This syndrome is inherited as mendelian recessive with varying expressivity. Diabetes mellitus and primary optic atrophy are the most salient features. Several of the manifestations are progressive in nature. About 100 reported cases have been reviewed recently.1-3
We report on seven patients with DIDMOAD syndrome and describe the course of the disease in three siblings followed up for a period of [10] [11] [12] [13] [14] [15] [16] [17] years.
Subjects and methods
Since 1966 DIDMOAD syndrome has been diagnosed in seven patients, two girls and five boys, at the American University of Beirut Medical Center. Three were siblings, a girl and two boys (cases 1, 2, and 3); the sister (case 2) had been reported previously in 1968. 4 The age; sex; and age at onset of diabetes mellitus, diabetes insipidus, and visual and auditory changes are summarised in Table I. HLA-A, HLA-B, HLA-C, and HLA-DR were determined by the microcytotoxicity test using antisera obtained from the Behring Institute.5 HLA-A, HLA-B, HLA-Cw2, HLA-Cw3, HLA-Cw4, and HLA-DR 2 were determined in the three siblings (cases 1, 2, and 3), their father, and unaffected brother. In one patient (case 6) only the HLA-DR profile was determined ( Table 2) .
Loss of hearing was classified according to the shape of the audiogram and speech discrimination 823 he had polyuria and polydipsia unrelated to glycosuria, which both decreased after the administration of chlorpropamide. Five of the six patients with diabetes insipidus responded to treatment with chlorpropamide with an average reduction in volume of urine of 65% (range 50-80%). One patient (case 5) showed no response to treatment with chlorpropamide but did respond to intramuscular Pitressin Tannate in oil.
Ophthalmologic findings. Optic atrophy was present in all seven patients. The average age at diagnosis of optic atrophy was 12 years (range 6-24 years). Six patients had decreased visual acuity, which led to the diagnosis. One patient (case 2) was found to have optic atrophy on routine physical examination. The average age at onset of decreased visual acuity was 10*8 years (range 7-17 years). Only one patient had a diabetic retinopathy. Limited mobility of joints was found in three of our patients-namely, in the three siblings with the longest duration of diabetes mellitus. Only one patient, the eldest of the three siblings, had diabetic retinopathy. Whether the variations in the course of diabetes mellitus in our patients represent a heterogeneity in the aetiology or a spectrum of severity of the disease is difficult to ascertain, particularly as plasma concentrations of proinsulin or the C peptide were not determined.
Diabetes insipidus was present in six of our patients. In other reported series the incidence of diabetes insipidus has varied from 40-60%. The response of six of our patients to chlorpropamide is consistent with partial antidiuretic hormone deficiency as chlorpropamide is thought to improve the symptomatology of diabetes insipidus, either by enhancing the action of antidiuretic hormone on the distal tubules and collecting ducts'3 or by increasing the secretion of antidiuretic hormone.14 The amelioration of the symptoms of diabetes insipidus inpatients with DIDMOAD syndrome after administration of chlorpropamide has been reported by others.7 9 Richardson and Hamilton,8 however, found low concentrations of serum antidiuretic hormone in three patients with DIDMOAD syndrome that did not increase after water deprivation. 8 The diagnosis of diabetes mellitus preceded that of diabetes insipidus in all our patients. This is not a universal finding, however; diabetes insipidus has been described to precede diabetes mellitus in patients with DIDMOAD syndrome.'
The diagnosis of diabetes insipidus was probably delayed in many patients because of the common symptomatology of polyuria and polydipsia in both diseases. After diabetes mellitus has been diagnosed the persistence of symptoms is often related to poor control of the diabetes mellitus rather than the presence of diabetes insipidus.
Optic atrophy was present in all our patients. This finding was universal in patients reviewed in other series.1-3 The average age at onset of decreased visual acuity was 10 years. The rate of progress was variable, spanning over several years in some and precipitous in others. Deterioration of vision, from normal to near blindness, was found in the three siblings with the longest follow up. This is in accord with the findings of Lessell and Rosman.15
The otologic findings in this group of patients indicate that deafness was not universal and when present was moderate, slowly progressive, bilateral, and of the sensorineural pattern. From the study of the audiogram patterns a degenerative process appeared to occur, involving multiple sensory or supportive structures in the cochlea. Such findings have been noted in histopathologic studies of temporal bones in patients with similar findings.
Abnormalities of the urinary tract, particularly dilatation of the bladder, were present in the four patients who underwent urologic investigations. The incidence of these findings in the patients reviewed by Cremers et al was only 13%,' which was probably an underestimation of the true incidence of dilatation of the urinary passages in DIDMOAD syndrome as this manifestation is usually asymptomatic and several of the patients had not been investigated systematically for its presence.
The less common manifestation of DIDMOAD syndrome found in our patients were short stature, colour blindness, deposits of pigments in the retina, cerebellar dysfunction, intolerance to cold, and dysphagia.
The aetiology of DIDMOAD syndrome remains undetermined. The syndrome is inherited as an autosomal recessive disease, as suggested by the genetic studies of pedigrees reported previously.16
The progressive course of diabetes insipidus, optic atrophy, deafness, and possibly the dilatation of the urinary passages may be explained by a gradual neuronal degenerative process. Niemeyer and Marquardt and Carson et al reported degeneration of the optic nerve and tract in addition to degeneration of the geniculate bodies, the pons, and the cerebellum at necropsy of patients who had had DIDMOAD syndrome. 17 18 Gunn et al and Carson et al described degeneration of the supraoptic and paraventricular nuclei in patients with DIDMOAD syndrome suffering from diabetes insipidus.19 18 Loss of hearing could also be explained on the basis of a degenerative process involving the stria vascularis, the sensory and neural end organs, but sparing the retrocochlear portion of the auditory system, as suggested by the audiologic findings in our patients. The dilatation of the urinary passages has been ascribed to diabetes insipidus by the regression of these findings after treatment with Desamino-d-ArgininVasopressin20 or Pitressin.9 The presence of these changes in the absence of diabetes insipidus in one of our patients (case 1) and in the patient reported by Dreyer et afi suggests that a neuronal degenerative process may also be implicated in the pathogenesis of the dilatation of the urinary tract.
The only finding that cannot be explained by a degenerative process of the central or peripheral nervous system in patients with DIDMOAD syndrome is the severe intolerance to carbohydrates. The aetiology of diabetes mellitus in this syndrome remains obscure. The type of diabetes mellitus seen in our patients does not fit into any of the commonly accepted classifications of the disease because of the clinical and biochemical heterogeneity, the lack of an HLA association, and, in the few studied, the finding of normal numbers and affinities of insulin receptors.
